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INTRODUCTION

AMBER is a Particle-In-Cell (PIC) code which models the evolution of a representative slice of a rel-
ativistic electron beam in a linear accelerator. The beam is modeled as a steady fiow and therefore no
electromagnetic waves. al the fields (external and self-fields) are electrostatic and magnetostatic fields
(for a complete description, see chapter 5). The possible elements describing the accelerator lattice are
solenoids, accelerating gaps, pipes and apertures. Several kinds of beam distribution can be loaded: KV,
gaussian, semi-gaussian, etc. Alternatively, the user can reconstruct (or load) a distribution from the out-
put of another codefifor example, an interface generating the beam distribution from output produced from
EGUN or LSP codesis available as an option.

This documentation first describes in detail the input files needed to run AMBER and the procedure
to start the executable. The possible data files and graphical output are explained in the two following
chapters. The last chapter describes the physics model and numerical techniques used. An example of
input files and the result obtained with these inputs are also given in the Appendix.






RUNNING AMBER

THE COMMAND LINE

To run amber, type the command line
"amber i=<init_filename>I=<lattice filename>[r=<run_filename> OUTPUT -int -help -search]’
<init_filename>: filename of the file containing the initialization data,
<lattice filename>: filename of the file containing the lattice structure data,
<run_filename>(optional): amnemonic to be part of theoutput filename,

OUTPUT (optiona): format for the output file: CGM or POSTSCRIPT. If absent, the default output
(screen) is used,

-int: run in interactive mode (default is batch mode),

-help <varl> <var2> ...: display definition of <var..> input variable(s),

-search <wordl> <word2> ...: display variablet+definition if definition contains <word..>.
Examples:

1. "amber i=inrunl I=darhtll.lat r=rundarhtl CGM’

The input parameters are read from the files "inrun1” and "darhtll.lat”. The graphical output will be
written in CGM format in the file 'rundarht1.cgm’.

2. "amber i=inrun2 |=darhtl|.lat r=rundarht2’

The input parameters are read from the files "inrun2” and "darhtll.lat”. The graphical output will be
displayed on screen.

3. "amber i=inrun3 I=darhtll_2.lat POST’

Theinput parameters are read from the files "inrun3” and "darhtl|_2.lat”. The graphical output will be
written in POSTSCRIPT format in the file’inrun3.ps'.

THE INITIALIZATION FILES
Three files contain theinitial input datafor AMBER. All contain FORTRAN namelists which are read by
AMBER at the beginning of the run. Two files ("*.lat’” and '*.mag’) are devoted to the description of the

lattice. The other file ("in*") is general and concerns the description of the beam, as well as test particles
or switches for different options.

THE GENERAL PURPOSE INIT FILE (in*")

Three namelists are read by AMBER in this filee 'BEAM’, 'BEAM_TEST_NAMELIST' and



par_dump_file

old_par_dump_file

4 Chapter 1 RUNNING AMBER

"SIM_PARAM’. The following variables may be set in this namelist:

'BEAM’:

current current in Amps

energy_mev particles (electrons) energy in MeV

abeam outer beamradiusin cm

rprime dr/dz at r=abeam

emit_norm normalized emittance

|_adjust_init_rot switch for adjustment of the initial
rotation of the beamin accordance with the
conservation of angular momentum assuming no
Bz on the cathode (default=.true.)

|_init_pot_depress  switch for the calculation of the initial space charge
potential depression. This lowers the beam kinetic
energy on axis fromthat specified in energy_mev
(default=.true.)

npart number of macroparticles

xoffset beam offset in X (m)

yoffset beam offset in Y (m)

xpoffset beam offset in dX/dZ (rad)

ypoffset beam offset in dY/dZ (rad)

distribution initial distribution, can be’KV’

'SEMI-GAUSSIAN',’ GAUSSIAN' or
"UNIF_ELLIPSOID’ (default=gaussian)

name of the dump file (*.dmp’) to dump

particles data in at the end of the run (default=NOT SET)
name of the dump fileto read the initial

particles data from. If ="NOT SET” (default),

the data are either generated by amber, or

read froman EGUN or LSP output.

dump_type type of the dump file saving: can be
"BINARY’ or 'ASCII’ (default=BINARY)
| ReadEgunOutput logical switch: reads data from EGUN output if

egun_filename
| _ReadL SPOutput

L SP_filename

true. (default=.false)

name of the EGUN output file to read

logical switch: reads data from LSP output if
true. (default=.false)

name of the LSP output file to read

WARNING: when loading an Egun or a LSP distribution, the distribution will be modified if
|_adjust_init_rot or |_init_pot_depress are ON. It is the user responsibility to turn these switches off
if the corresponding correction on the distribution is not desired.

density_profile density profile multiplier function (of radiusr)

pressure file name of file containing residual pressure data
f_ion constant ion neutralization fraction
df ion_dp ratio of ionization fraction to pressurein Torr

e 'BEAM _TEST NAMELIST':
Up to nine test particles can be tracked by AMBER and are initialized with the following variables:



npart_test

xtest
ytest
xvtest
yvtest

e 'SIM_PARAM':

THE INITIALIZATION FILES

number of test particles (default=0)

X-position in meters {array, size=npart_test}
Y-position in meters{array, size=npart_test}
X-speed in n/s{array, size=npart_test}
Y-speed in my/s{array, size=npart_test}

Several parameters control the field solver and graphics of arun:

Igraphic
|_opendx

nr

zstart
zmax

zstep

|_paraxial

| self er

| sef ez
|_self_br
|_self_btheta
|_self_bz

|_self envelope

|_image fields

|_remap_solgap

gap_calc_method

| _gap_er

produces graphics output if .true. (default=.true.)
save OPENDX filesif .true. (default=false.)

number of grid cellsfor field cal culations (default=500)

initial Z location of the beam dice (m) (default=0.)
run ends when dlice location z>=zmax (default=0.5)
step sizein Z(m) for particle advance (default=0.05)

logical switch: when true, use the paraxial
approximation (default=.false.)

logical switch: computes self radial electric

field if .true. (default=.true)

logical switch: computes self longitudinal electric

field if .true. (enforces|_self er=.true)) (default=.true)
logical switch: computes self radial magnetic field

if .true. (enforces|_self bz=.true) (default=.true)
logical switch: computes self azimuthal

electric field if .true. (default=.true))

logical switch: computes self longitudinal magnetic
(diamagnetic) field if .true. (default=.true.)

logical switch: uses an envel ope approxima-

for the computation of the beam self-fields ' er’ and
"btheta’ if true (enforces|_paraxial=.true.)
(default=.false)

logical switch: computes image fieldsif .true.
(default=.false.) (thisfeatureis untested!)

logical switch: remaps solenoid and gap fieldsto
accomodate large particcle z-steps if .true. (default=.true.)

method to compute the accel eration gap fieldsfican be
"heaviside’ or 'multigrid’ (default=multigrid)

logical switch: turns ON or OFF the computation of the
gap radial electric field (default=.true)

AMBER can create four different kinds of phase-space plots.

5
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phaseplot_type list of the phase-space plots to display:
possible non-exclusive options are ’normal’
"uncor’ (no correlations), "unrot’ (no rotations),
"thermal’ (no correlations, no rotation),

and 'radial’.

dzphaseplot AMBER plots phase-space plots every
"dzphaseplot’ meters

zphaseplot AMBER plots phase-space at the
zphasepl ot locations

npart_phaseplot number of particlesto beincluded in the

phase-space plot (these are randomly

selected at the beginning of the run)
phaseplot_save particles logical switch: save particles data for

post-processing phase-space plots

if .true. (default=false.)

For the phase-space snapshot, the ranges of the plot axes can be setup manually by adjusting the
following variables (otherwise they are automatically calculated at run time, which is the default). Up
to four different sets with different z-ranges can be defined:

phasep_infoN%zrange  zmin and zmax for Nth phase-space plot serie
phasep_infoN%xrange  xmin and zmax for Nth phase-space plot serie
phasep_infoN%yrange  yminand ymax for Nth phase-space plot serie
phasep_infoN%xprange  xpmin and xpmax for Nth phase-space plot serie
phasep_infoN%yprange ypmin and ypmax for Nth phase-space plot serie
phasep_infoN%rrange  rminand rmax for Nth phase-space plot serie
phasep_infoN% rprange rpminand rpmax for Nth phase-space plot serie

NOTE N=1.4
|_save hist logical switch: saves history diagnosticsin a
fileif .true. (default=.false)
hist_dir directory in which to save history files
(will be created if does not exist previousto run)
save hist_vars list of history data variables to save:

possible non-exclusive variables are’'r’,
‘rprime’, 'r_four’, "rprime_four’, 'energy’,
"emittance’, 'gamma’, ' xyrms’, 'xybar’,

"eext’, "bext’
dzhist AMBER stores history data every 'dzhist’
meters
Zfidplot list of locations along z (in meters) where
the fields will be plotted
dzfidplot the fields will be plotted every dzfidplot meters
nzfidsave number of times the fields data will be

saved in thefile ' fieldsN.dat’ during
the run (N=210000+ snapshot number)

Zfidsave list of locations along z (in meters) where
the fields will be saved

nzfidsnapshot number of times the fields data will be
displayed during the run

Zfidsnapshot list of locations along z (in meters) where

the fields will be displayed
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THE LATTICE FILE (*.l1at’)

This file contains the namelist named 'lat_list” which defines the accelerator lattice with the following

variables:

e name of theinput file containing magnet information
env_magfile: default="NOT SET’

e switch for lengthsto beinput in centimeters rather than in meters

|_cm: if .true, then al length in "*.lat” and '*.mag’ are expressed in cm, in meters otherwise (de-

fault=.true.)

e definitionsfor the different general types of solenoids ({ arrays, size_max=6})

soldef_name
soldef_length
soldef_r_inner
soldef r_outer
soldef_n_layers

gapdef_name
gapdef_length
gapdef_rmax

name
length

inner radius
outer radius
number of layers

definitions for the primary general types of accelerator gaps ({ arrays, size_max=6})

name
length
radius

e characteristics of the individual gapsin the lattice ({ arrays, size max=128})

gap_name
gap_type
gap_z

gap_mev
gap_offsetX

gap_offsetY
gap_tiltX
gap_tilty

name
type (1..6)

location in z of the gap centroid
gap accelerating ' field’ (in MeV)
individual offset in X (m)
individual offsetin Y (m)
individual tilt in X (rad)
individual tiltinY (rad)

e  characteristics of the beam pipe sectionsin the lattice

nwall
rwall
zwall
wall_offsetX
wall_offsetY

number of pipes (max=6)

array(size=nwall): pipesradii (m)
array(size=nwall): pipes starting positions (m)
array(size=nwall): pipes offsetsin X (m)
array(size=nwall): pipesoffsetsin'Y (m)

e characteristics of the individual pipe aperturesin the lattice

naperture
shape aperture

Xaperture
Yaperture
Zaperture
aper_offsetX
aper_offsetY

e fortheentirelattice

number of apertures (max=50)

array(size=nwall): aperture shapes. can be

'squar€e’ | rectangle’, circle’ or "ellipse

array(size=nwall): sizein X (m)

array(size=nwall): sizein'Y (m, unused for 'square’ or ’circle’)
array(size=nwall): positionsin Z (m)

array(size=nwall): apertures offsetsin X (m)
array(size=nwall): apertures offsetsin Y (m)
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sol_offset_delta width of the 2D axisymetric gaussian (at
half maximum) for the initialization of
random solenoids offsets

sol_tilt_delta width of the 2D axisymetric gaussian (at
half maximum) for the initialization of
random solenoidstilts

line_offsetX offset in X

line_offsetY offsetinY

line_tiltX tiltin X

line tiltY tiltinyY

line tiltCZ position in Z of the center

for thetiltX and tiltY rotations

THE MAGNETS FILE (*.mag’)

This file contains the namelist named "magnets’ describing the individual magnets with the following
variables:

e  number of magnetsin the lattice
ns

e characteristics of the solenoids in the lattice ({ arrays, size max=128})

solnam name
Itype solenoid type (1..6)
zs location in z of the solenoid centroid
bsi number of amp*turns
izs position ' zs(i)" isabsolute if izs(i)=0,
isrelative to preceding magnet position if izs(i)=1
sol_offsetX individual offset in X
sol_offsetY individual offsetin’Y
sol_tiltX individual tiltin X
sol_tiltY individual tiltin'Y

INTERACTIVE MODE CONTROL

By default, AMBER runs in batch mode, i.e. the user has no control during the run. In interactive mode
(command line option -int), the contral is given to the user before AMBER starts the main loop (after all
initializations). Thisissignaled by the prompt’ AMBER>" appearing on screen. The user can then interact
with the running code by entering commands:

print <varl>, <var2> ...: print values of variables,
stopat: define breakpoints at which to regain control in interactive mode. Several options are possible:

e z=<location>: stop at az location (given in meters),
e istep=<number of steps>: stop after a number of zteps,
e  cont: continue the run (control is given back to the user at the next breakpoint),
e  Quit: quit the interactive mode and continue the run in batch mode (the control will not be given back
to the user, even if breakpoints have been defined),
e exit: exit AMBER.
Thismode is arecent addition to the code and may be buggy - cavent emptor.



2 INITIAL PARTICLE DISTRIBUTION

The initia particle distribution can be either generated at run time or read from an external file. The
external file is either a particle dump file created by AMBER at the end of a previous run or a particle
dump file created by the particle codes EGUN or LSP. From all the options which can be setup in the
initialization namelist, AMBER will choose the first available in the following order:

1. attempt to load an AMBER particle dump filefiif successful, skip 2, 3 and 4,
2. attempt to load an EGUN particle dump filefiif successful, skip 3 and 4,

3. attempt to load a L SP particle dump fil€fiif successful, skip 4,

4. create particle distribution.

Once one particle distribution has been loaded using one of these methods, it is possible to alter the
particle distribution in the x-y space by defining amultiplicative function of the particle distribution density.

This is done by defining the BEAM namélist varible density_profile which is a character
string describing a mathematical function of the radius r. Any usual mathematical function
(sin, cos, exp, ...) can beentered. Asin FORTRAN, the decimal logarithm is defined as0g10
while the natural logarithm can be either log or In. The power is defined by ** and the square
root writes sqrt. An example of valid expression is density profile="1.+0.5*(r/0.08)**2".
Note that theradiusr isthe only independant variable allowedfiany other variable will trigger
an error message.

If |_init_pot_depressis set to .true., the beam energy is corrected due to the space charge depression
as E = energy_mev — 107 - (current /4meoc) * (1 + 2 In(Zall ),

If |_adjust_init_rot is set to .true.,, AMBER will adjust the individual beam particle canonical angular
momenta to cancel the externally applied canonical angular momentum evaluated at z=zstart.

Because thereisacanonical angular momentum (and possible self B, ) produced by the beam
rotation, this process has to be iterative and is obtained by a relaxation procedure. First, the
vector potential Ag produced by the external magnets and by the beam particles rotations,
on each particle, is computed. The individual particles rotations velocities are then given by
g = —qAg/me = eAp/m. Where iy = vy, v = 1/1/1 — v2/c2 istherelativistic factor, ¢
isthe speed of light, e isthe electron charge and m,. isthe electron charge. This procedureis
iterated 10 times.

WARNING: The user has the responsibility to turn |_init_pot_depress and |_adjust_init_rot off if
needed when reading the particle distribution from an external dump file.

Created by AMBER

The particle distribution is physically defined by the initial beam current, energy, emittance, edge radius,
angular deviation, offsets and phase-space distribution. For numerical purpose, it is also necessary to
define the number of macroparticles describing the beam. AMBER can initialize four types of distribution
(KV, gaussian, semi-gaussian or uniform ellipsoid):

° KV: n(r) = #; n(pr) = LZ

ﬂpa

N

o gaussian: n(r) = ol exp(—52); n(pr) = 5pz exp(—5)

7rpa, a
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. . 2
e semi-gaussian: n(r) = —L5; n(p,) = - exp(—£5)

wa?

e uniform elipsoid (waterbag): n(r) = 25 (1 — %); n(p,) = oz (1 - %;)

where p = yu = ym.v, a = abeam, p, = m.c * emit_norm/abeam).

From particle dump file

AMBER can read particle dump files created by AMBER, EGUN or LSP. When read from AMBER
dump file, the particle distribution is directly imported from the file and setup as the distribution used for
the new run. When reading a EGUN or LSP particle dump file, further computation is needed because
the description of the distribution is different from what it isin AMBER. In EGUN, the distribution is
a collection of 'rays (typically about 100). Thisis statistically too poor for a Particle-In-Cell code and
AMBER needs to create a distribution with more macroparticles. In LSP, the distribution is described by
a set of weighted macroparticles which is not supported in AMBER where all the particles have the same
weight. In both cases, the array of the density as afunction of radius is generated from the EGUN or LSP
distribution. From this density map, a new distribution is generated (bit-reverse in a distorted space to
recover the desired density profile) in the real space XY. The other quantities (ux, uy, uz) are then mapped
from the EGUN or L SP distribution to the new distribution.



3

11

DATA FILE OUTPUT

All output data files are saved in the directory hist_dir. They are all saved in ASCII format except the
dump file which is written in an unformatted binary file.

History files
The possible history output datafiles are
r: rmsradiusin mm (=v/2 %;—2),
rprime: rms dR/dZ in mrad (=\/§Z—L[(Mzzgv Mol 2,1;—2),

np

r_four: inmm (=3 (Zﬁ)l/4),

2 (zv vy) /v 4\ 3/4
rprime_four: in mrad (:\/EZ[ ( j;y v)/ ‘]/(ZL) ),

np
xyrms. X and y rmsin mm ( :2\/nz;fz; 2 Zn;’;),
xybar: x and y beam offsetsin mm (z%; %}i),
energy: kinetic, potential and total energy in MeV
emittance: emittancein x and y in mmm.mrad. Thermsva ues are given aswell as the emittance of the

ellipse containing N% of the particles with N=80, 85, 90, 95, 100. The axes and aspect ratios of the
ellipses are taken to be that of the rms emittance ellipse.

gamma: average gamma of the particles,
eext: externa longitudinal electric field on axis,
bext: external longitudinal magnetic field on axis,

All thefiles have the suffix .dat.

Also, the file lost_part.dat is automatically created at each run in the directory hist_dir. Each time
macroparticles are lost, the number of lost macroparticles and the updated number of remaining macropar-
ticlesare recorded in thisfile, as well as the z-location in the lattice at which the loss occured.

Snapshot files

The snapshot output files are

partN.dat: contains x(m), y(m), ymv;/mc, ymv,/mc, ymv,/mc and color. The color is an integer
which is assigned to each particle at the begining of the run. The particle are sorted in function of their
radial position in the beam frame and the color integer is the rank of the particle once reordered. In
partN.dat, N is the number of the snapshot+10000. 10000 is added in order to have the file properly
ranked in the directory, facilitating the access from another program (e.g. OpenDXx).

fieldsN.dat: contains self and external electrostatic and magnetostatic fieldsE,., E., B,., Bg, B, E, ¢zt
R. ety Brewts Bz ext- N iSthe number of the snapshot+10000.
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Macroparticle dump file

A dump file containing the macroparticle distribution in the x-y-ux-uy-uz space can be saved (in unfor-
matted binary format) at the end of the run. To save it, give par_dump_file the dump filename. It will
saved in the hist_dir directory. To read an old dump file, put the dump filename in old_par_dump_file
(together with the relative path of the directory in which it is located). Thereis also an option to write an
ASCII dump file in which case the datais arranged in columnar format. To do this, set the input variable
"dump_type” equal to " ASCII” in the namelist " beam”.

Opendx description files

In order to read the data files, the IBM open source visualization system OPENDX (see below) needs a
description of the data files These descriptions are provided via files written by AMBER with the suffix
.general and .dx which are written in the hist_dir directory. For more information about these files, the
reader isreferred to the OPENDX documentation (see web pages at www.opendx.org).



13

GRAPHICS OUTPUT

Depending on the platform used to run AMBER, it will use either the NCAR library (on SUN, CRAY, ...)
or the DISLIN library (PC with windows, see http://www.linmpi.mpg.de/dislin/) to create output graphics.
With the NCAR library, CGM or POSTCRIPT outputs are possible while with the DISLIN libray, only the
POSTCRIPT output can be selected. For both, the output can be directed directly to the screen for runtime
display without creation of saved graphicsfile. It is also possible to post-process the output ASCII data
files created by AMBER to create graphics. Special files can be created by AMBER for post-processing
using the freeware OPENDX (see http://www.opendx.org/) available for severa platforms and OS: pc
under windows and linux, SUN workstation under SOLARIS (see web pages for others).

NCAR graphics

When AMBER is compiled and linked on a UNIX box such as a Sun, NCAR graphics is the only sup-
ported form of graphical output (see examples of output on Fig.1 to Fig.6). AMBER relies upon a number
of Fortran90 graphics subroutines coded by W. Fawley which are built on top of NCAR and GKS rou-
tines. These subroutines are contained in the following F90 source files. fawlib_mod.f90, fawlib90.fo0,
orf_util90.f90. AMBER currently works with source versions that date from early 2000fi compatibility
with either future versions of these routines and/or upgrades to the NCAR graphics library may require
additional modifications. Questions may be referred to W. Fawley (WM Fawley@lbl.gov).

If the user desires, the NCAR graphics output device/file may be set by optionally adding the upper-
case mnemonic eg. CGM. At present, permitted devices include: direct output to an X-windows screen,
(mnemonic: X11)fi CGM (computer graphics metefile in NCAR format) file (mnemonic: CGM), color
postscript file (mnemonic POST). When running on a UNIX box, the default output is X11 output. 1If
either CGM or POST is selected, the output file will be named "run_name.cgm” or "run_name.ps’, re-
spectively, where "run_name” is set by the -r option on the execute line. For example, xamber r=run33
POST will create a postscript file named " run33.ps’.

Please note that preexisting files will be overwritten by new runsif the run_name and the output device
is the same. The user can use the NCAR family of {ctrans} codes to view output CGM files and plot
individual frames on various device drivers such as X11, Postscript, etc.. The idt program is particularly
useful on an X-server as one can scroll through a given CGM file, examine multiple frames from one or
more CGM files simultaneously, and do some rudimentary animation on screen. The ghostview program
is useful for examining Postscript output on an X11 screen. Ghostview has the capability to send out
individual framesto aprinter for hard copy.



14  Chapter 4 GRAPHICSOUTPUT

B | Scrolled to Frame > |
| <« || « | ®m || » | »»

& | start segment || stop segment || set window |
| done H current frame H print H save || Zoom H unzoom || animate |

1IDT wiewer showing NCAR cgm output: front page.

val for his
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4

E | Scrolled to Frame -> |
|« [« ] = || » | »

«W| start segment || stop segment || set window |
| done H current frame H print H save || Zoom H unzoom || animate |

2.IDT wiewer showing NCAR cgm output: second page.



NCAR graphics
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B | Scrolled to Frame > |
| «« [« ] m || » | »»

:'ééza%ay"j| start segment || stop segment || set window |
| done H current frame H print H save || Zoom H unzoom || animate |

3.IDT wiewer showing NCAR cgm output: third page.
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E | Scrolled to Frame -> |
|« [« ] = [ » | »
start segment || stop segment || set window |

|dnne H current frame H print H save || Zoom H unzoom || animate |

4.1DT wiewer showing NCAR cgm output: phase-space plot (type'thermal’).
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B | Scrolled to Frame > |
| <« || « |[[m]] » | »»

:'ééza%ay"j| start segment || stop segment || set window |
| done H current frame H print H save || Zoom H unzoom || animate |

5.IDT wiewer showing NCAR cgm output: phase-space plot (type 'radia’).
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E | Scrolled to Frame -> |
|« || « | = || » | »
start segment || stop segment || set window |

|dnne H current frame H print H save || Zoom H unzoom || animate |

6.IDT wiewer showing NCAR cgm output: emittance and positions histories.
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DISLIN graphics (http://www.linmpi.mpg.de/dislin/)

When AMBER is compiled on a PC running under WINDOWS, it uses the DISLIN package for graphical
outputs. The possible outputs are the screen (mnemonic WIN) or acolor postcript file (mnemonic POST).
If arun does not complete, the utility addpg2ps.exe (provided with the AMBER package) has to be run
in order to get the paging right in the produced postcript file. By default, the background is white in the
postcript file. To reverse the background to black, use the program revps.exe (provided with the AMBER
package). Examples of DISLIN output are displayed in Fig.7, 8,9, 10 and 11.
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B slice_out ps - GS

Fichier : slice_outps B3, 143mm  Page: 1" 1su BB

AMBER RELATIVISTIC E—BEAM
SLICE SIMULATION CODE
14:40:2000 05 17 wversion: 27 April 2000
2.0 MV beam ; parameters from LSP  July 39
Test 1: comparisen betwsen TPROP and AMBER
a0 self-fislds %

EEXM PROPERTIES AT INJECTION

=
A

?
=
4]
=
-5
@)
=l
ARs!
(8

Inj=ction Energy 3.2327 Mew
Cuzzeat 2.000 k3
lormalized Emittance 170,18 mm-mrad
Longitudinal Velocity Spread 0.0 em/zec
Beam Radius 81.221 mm
Beam r-prime 3.221 mrad
Transwerse Distribution Functian £rem LSP
Beckaraund lonization Frac. 0 00E+O0
=-induced Angular Momentum Cor. Switch F
Initial Potential Depression Switch F
Beam Offset in x 0,000 mm
Beam Offset in ¥ 0.000 mm
Beam Offzet in x-prime 0.000 mrad
Beam Offzet in y—prime 0I000 mred
STMULATION PARAMETERS
Macroparticles anss
% Skep Size 0.0080 m
% Start Position 1.4%0 m
Z End Position 20,000 m
# redial grid cells s00
self-fi=1d arid e=l1l =siz= 0.3% mm
Parawial approwimation switech ®
Envelops approsimation switch F
1_se=lf ez, ==, 5r, Stheta, b= TTTTT
p_=r switch T
gap field calculation method maltigrid
Image £ields switch ¥
hisfory seving switch T
larephic switch T
Z-interval for history arrays 0.070 m
dump file name 10T SET
old dump £ile neme 10T SET
history seving directory . /runs/run2
phase—zpace plot kype Ehezmal, zadial

AMBER, 17.052000, 14:40:47, DISLIN 7.1

7.Didlin output: front page.

& slice_out.ps - GSview

Fichier : slice_outps 105, 119mm  Page 2 3ur 66

LATTICE PROPERTIES
Latbice anput £il /lak/jun®Sha. 1
Line offzetX 0.00 cm
Lin= of fmety 000 em
Lin= tiltx 0,00 mzed
Lin= tilt¥ 000 mred

Tumber of wall 2

Wall radii and positions 17.78 em  0.00 m
12.70 em .00 m

o epertures are defined

LSF INITIAL DISTRIEUTION
i .. /inp/l=pl.dat
Tumber of macroparticles Eren
2000 kA
30078 My
221.767 mm.mrad

| L]
i
£
L+
=
]
@
q
=
28

AMBER, 17.052000, 14:40:47, DISLIN 7.1

8.Didlin output: second page.
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& slice_out.ps - GSview

Fichier : slice_out.ps Page:"11" 11 su &6

Transverse Phase Space at z = 1.450 m

X-X xX-y

[aERl Dl & & ] x|+ Jp]o = || m

L0100
£00 -480 -160 160 480 &00 S0 48 18 1.8 48 80
X (mm) X' (mrad)
XY Y-Y
80407 - —T T
4800
B e
°
E
=i
>
4.8110°0
L L ool
£00 -48.0 -160 180 480 £00 480 180 180 480 800
x (mm) y (mm)

AMBER, 17.05.2000, 14:40:59, DISLIN 7.1

9.Didlin output: phase-space plot (type 'thermal’)

B slice_oul ps - GSview

Fichier : slice_out.ps Page:"12" 12 sur 66
=
i .
- Transverse Radial Phase Space at z= 1.450 m
£ R-UR R-Utheta
=, 40m0! . . — 4007 - T
- L L -~
"‘_5 240 | .ﬂ,,,ﬂ"’”‘- T oA | -
-5 g o F 4
E é eran 5 é oot -
g g 3 s | |
O .got0f . ™ got0 |- —
e I | o | i
% = -24m0' | - S 240 |- -
[ | -4.010! L L L L | | 4007 L - - L L |
00 160 320 480 &0 &0 00 160 320 480 &40 &0
r(mm) r (mm)
R-UZ
gome?
48m0 ]
o ek ]
N
D aenoe | ]
-4.8410° B
8.0%10° L P T R B R N
00 160 320 480 &40 &0
r(mm)
AMBER, 17.05.2000, 14:41:01, DISLIN 7.1

10.Didlin output: phase-space plot (type 'radia’).
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& slice_out.ps - GSview

Fichier : sce outps 85, 131mm_ Page:"48" 49 sur €6
i . . . .
—jEmittance and FPosition Histories
+
- 100 T 1 1 171 a#00 T —r 1T
15 800 5 B 2000
= i
-5 B £
= E so0 - E 500
. :
E E 3
z i
Q % 400 E > 2000
2 i
=
F= 200 B £ 1500
0.0 ! 1000
15 1.2 Mg W6 03 00 15 112 208 306 403 =00
Z (m) Z[m)
40M0? W ———7 7T 7
-
ERr £
E o2 w
E 2o §
I 100m0?
S L 1
-~ =
- 00 ]
B E
& 100m0° g
. i
20102 -
P Py I R R SRR
15 12 M W6 03 00 15 112 208 306 403 =00
Z (m) Zfm)
AUBER, 17.05.2000, 14:47:20, DISLIN 7.1
B

11.Didlin output: emittance and position histories.
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OPENDX graphics (http://www.opendx.org)

To use the OPENDX package to analyze AMBER outputs data, the "opendx’ logical switch must have
been set to ".true’ in the input files namelist so that required files are written on disk. To view history
curves (radius, emittance, ...), use the network ’curves.net’ while to display phase-space plots, use the
network ' phasespace.net’. Each of the networks has a graphical user interface. The directory in which
to read the data is entered in the box labeled 'Data Directory’. This directory is given relative to the
directory from which opendx is executed. When using the networks, the ' Execute’ menu should generally
be set to ' Execute on Change’ so that the the program executes each time a change occurs from the user
interface (set otherwise if needed). To increase the performance, Opendx caches some results and does
not automatically reread from disk data which were aready loaded in memory. In case the data have
changed on disk and need to be reloaded in memory, a’ Reset Server’ from the’ Connection” menu must be
performed in order to fiush the cache. Then the ' Execute/Execute on Change’ submenu should be selected

agan.

History curve plotting: network 'curves.net’

A snapshot of curves.net output is given on Fig.12. On a PC, the curves.net network can be launched via
the bat file amberdxc.bat. On another platform, type 'dx -image -program netpath/curves where netpath
isthe path where the curves.net network is. This network displays history curves (xyrms, r, rprime, r_four,
rprime_four, xybar, emittance, energy, momentum, gamma) and external field on axis (B, E,). The
background color can be set to either black or white with axis and label colors respectively set to white
and black. The color of the curves can be set to black, white, yellow, red, green or blue. The Y axis
can be forced to start at 0 and one can switch between alinear and a logarithmic y axis (when using the
logarithmic scale, the 'Y start at O' toggle is disabled). The 'reset camera toggle should generaly be
turned ON unless the user wants to zoom the graph using ' Options/View Control/Zoom’ menu from the
"AMBER curves plotter’ window. The image can be saved in various formats (POSTCRIPT, RGB, tiff,
miff, gif, ...) using the ' File/Save Image’ submenu.

Phase-space plotting: network 'phasespace.net’

A snapshot of curves.net output is given on Fig.12. On a PC, the curves.net network can be launched
viathe bat file anberdxp.bat. On another platform, type 'dx -image -program netpath/phasespace’ where
netpath is the path where the curves.net network is. If you need more memory than the default accorded
on your system for opendx, add the command line option ’-memory N’ where N is the required memory
in MB. This network displays various phase-space projections of the particle distribution as well as the
external magnetic field on axis, the beam XY rms widths and emittances versus Z. For more explanation,
see the help window displayed on Fig.14. This network can be used to make a movie. A quicktime movie
was produced by saving miff files using phasespace.net in sequencer mode and using the utility makemovie
with the following script:

echo ’’Convert image files’’

echo ’’Images conversion *.miff => *.rgb...’’
for i in SFILE
do
echo $i
imconv $i $i.rgb
done
echo ’’Make movie...’’

makemovie -f gt -c gt anim -o darht.mov *.rgb
echo ’'’Clean .rgb images...’’

rm *.*.rgb

echo ’’done.’’
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The images are first converted from miff to rgb format and the movie is then created from these rgb
files. Thisconversion is necessary because makemovie does read the miff format (this format was however
chosen to save the original images because of its good compression rate).Other utilities can aso be used
like’Mediaconvert’ or others.
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7 AMIER graph ntoractor B3 [[F2AMDER curves ploter ———————— mEE
Data to plot Data directory | «f  File Windows Connection Options Help
- Xyrms ¥_irunsfrunis”
A —o— X emittance
[~ Background bAy &Y emittance
~ rprime
v four Color curve 1
o
rprime_four M
v = < 300
~ Xybar Color curve 2 o
he
“~ emittance red £
ener: = oLt
~ gyt Color curve 3 g
~ momentum
s
P black — | -
atticeR o 200
v latlicebz 1 Y starts at0 o
-~ latticeEz o
1 Ylog 5
E 150
" Reset Camera L F
o i P AN AFAVANANEN ARNATA AR
J o =] o =) o
i T — ol 5] ~+ ol
Close Helg Z (m)
12.Snapshot of curves.net OPENDX curve plotting.
P2AMBER phase-space interactor = B3 | B Display: d:\jlvay\programstamber\opendiphasespacenew.net [_[O[x]

Data Directory ", ,/runs/runt/ T Eile Egecute  Windous  Connection  Dptions Help
File selestor Chooser  — | File rusber o [ L

A display R display

# particles 0%
I 5y I~ R « »
Fole TRARReta | Gior data color | [ Auss

Uy Curves
gy | ondaff PxPy thermal
Corners

Axis linits display

autonatic —
W~ 1 on/off
Z-locations

o0, 12, 23, 45, ¥ SR T AR

A Save I-locations

# horizontal Resolution Inage Format

-« 3 » A ps color —
Writs inags off — | Inags Dirsctory |I'../wovis_tie"

Close | Help |

R (rom)

13.Snapshot of amberdxp.net OPENDX phase-space plotting.
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P Help On AMBER phase-space interactor...

Panel Commett.s

INPUTS
Data Directaory directory in which to read the particle dizstributions,
File zelector two choices:
“Choozer” - choose directly which file to read with “File Mumber”, Lets M
the selected file number, the file to be read will be part//N+1000047, dat,
AMBER adds 10000 to the file number in order to ease the file name
definition,
“Sequencer” - display a sequence, The parameter of the sequence are
zetup in the “Sequence Control” window,
File number particle distribution file number to be read in mode "Chooser”,
DISPLAY
KY display zelect phaze-space projections to display in cartesian coordinates,
R display zelect phase-zpace projectionz to display in axisymmetric coordinates,
Curves if zelected on, the external magnetic field on axiz, the beam 2Y rms
width and the beam XY rms emittance wversus Z curves will be dizplayed.
REMIERING
# particles zelect the number of particle to be displayed, If lower than the number

of read particles, a sample is taken, If larger then it is set to the
number of particles read,

Color data zelect the data the colormap will use, Choices are m {mas=s}!,
q {charge}, x, Y, Z, Wi, wy, yz, color, The data color is computed at
the begining af the AMBER run az an integer rizing with the radial
pozition of the particle in the beam,

Axes Dizplay axes if on,

PPy zelect the momentum PxPy to display:
“normal © - PxPy az read from the file,
“rotation out” - the rotative part is remowved from Px and Py,
“correlation out” - the correlations x—Px and y-Py are removed,
“thermal” - both the beam rotation and the correlations are removed,

CORMERS OFTIONS

Corners the corners of the phase—space projections can be setup in three ways:
“automatic’ - the corners are automatically computed by opend:,
“external” - the corners have been automatically calculated by AMBER and
are read from the file "part_limits.dat” in the directory “Data
Directory”,

"external-Z” - the corners have been calculated uzing the FORTRAN
program “partlimits,f307 and are read from the file ‘part_limits2,dat”
in the directory "Data Directory”, The program “partlimits,f30° reads
the file "wiew_locations,dx” located in ‘runs’, This file is created
using phazespace.net by checking the "Save Z-locations” toggle.

It contains the list of walues the user enters into the "Z-locationsz”
interactor, These values are locations in £ ¢meters? from which

the corrers are adjusted and stay to thisz walue until the next location,
The corners are computed from the walues read in “part_limits,dat” a=
the maximum values reached between two Z-locationz, This iz especially
uzeful to create a movie with different “views" awniding a rescaling
of the plots at each image, The uzage of “partlimits,f30°7 i=
“partlimits <dirrun>’ where dirrun iz the directory of the run,

Z-locations locations in Z{meters: for each different “wiew” for "Corners” in
mode “Z-locations”,
Save Z-locations toggle to save the Z-location list in the file “wiew_locations.dx” for

use with "Corners” in mode “Z-locations”,
AXES LIMITS SETUP

Axiz limits display displays on or off {depending on the “on/off” toggle} the dialog window
for plot corners setup,

i, M7, ... toggles if on, the walues of the corresponding plot corners are owverwritten
by the walues entered in the corners dialog window opened with
“Axis limits display.

OUTPUTS
# horizontal number of plots horizontally in the output window,
Resolution resolution in pixels of each individual plot,
Image Farmat farmat. of the image to be saved,
Write image if “on”, the image iz saved in "Image Directory’/part#,.fmt where ¥ is
“File numnber”+10000 and fmt iz the image format extension,
Image Directory directory in which to zave the images

Cloze I

14.0PENDX phasespace.net help file.
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SELF-FIELDS

Physics model

We approximate the beam as an axisymmetric steady fiow having smooth variations in z, so that we can
consider:

a_
==
a_
5 =
]

&small

Under these conditions, the Gauss's law gives (assuming E, < E,.)

0

0

10(E:) _ p )

r Or €0
and the Ampere'slaw gives

0B,
67' = lu‘O ']9 (2)

19(rBy)
r Or = HoJz ®)

Knowing theradial electric field and the longitudinal magnetic field, the longitudinal electric field and
the radial magnetic field can then be computed using the scalar and vector potentials ¢ and Ag:

¢p=—[Edr = E,=

00
Ag= 1 [rBdr = B, -2k

(4)

Boundary conditions and image forces: effects of the wall

The boundary conditions at the wall of the pipe are ¢ (ryq) = 0 and Ag (Twen) = 0. The second
condition gives

1 Twall
Ae (T‘wa”) = —; /0 rBzdr =0 (5)

1 Twall Twall
= _; / r <Bz (rwall) +/ ,U/OJedT') dr (6)
0 T

Twall Twall Twall
B, (Twall)/ rdr = _/ r (/ /LOJ(gd’I’) dr (7
0 0 T

S0 that

and
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fo'"wall r (f:wall ﬂov]@dr) dT
T%uall/Q
Additionally, image forces are created by the wall. The simplest approximation is an image particle

of charge —@Q (Where Q) is the total charge of the beam), located at ¥ = —}m“— (where 755 f4et IS the
offset of the centroid of the beam with respect to the pipe center). This approximation is valid when
Tof fset K Twall and Theam <K Twall-

Bz (Twall) = -

(8)

Summary

e dectricfields

_ 1 [Trp(r)
E0)=y [ ©
¢(r)= ' E, (r)dr (10)
. (r) = 250 (1)
e magneticfieds
Bo) =1 [ ruod. (r)dr )
B = [ o yar— 2T (; ::”5/0;9 (r) dr) dr -
Ag (1) = _% /OTTBZ (r)dr (14)
Brlr) = aA;z(T) (15)
e imagesforces
B() = —— )
2meo (F:ffset o F)
g (f) = _% X Z (17)
2 (s, —7)

Discretization

The fields are computed on a one dimensiond radial grid (index j) every longitudinal step Az (index i).
The discretized equations are then

r(g) . .
() 0 €0
7(j)
=Y E.(j+1/2)Ar 19

(20)
and
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(4)

Bj(j) = % S r(i—1/2)Ji (G- 1/2) Ar (21)
0
. @)
Bi(j)=mo »_ Jo(+1/2)Ar 22
:U'OATQ Twall ' Twall i
R 2ty > A6 -1/2) (23)
wa 0 7(J)
' 1 () .
A0) =~ 2 - /2B -1/ Ar (24)
0
. Al (4 _Ai—l .

Notethat the calculation of B issplit into three steps: first the calculation of B, without thewall, then
the calculation of B, at thewall and finally the correction of B, dueto thewall.

A comparison of the self-fields calculated by AMBER are compared to analytical results for a KV
beam in Appendix A.

EXTERNAL FIELDS

Solenoidal

The solenoids are modeled either as N; infinitely thin coaxia layers of wires ('thin approximation’) po-
sitioned regularly between r;,, (inner radius) and r,,; (outer radius), or as one thick layer of thickness
6r=rous-Tin, ('thick approximation”).The magnetic field is computed on a cartesian uniform bidimensional
RZ grid. It is obtained by a series expansion of the analytic solution on axis computed for each layer with
the selected approximation (thin or thick). The solution on axis for one layer of length L and radiusr is
given as afunction of z by

e  thinapproximation

2 2
iu’OI ZP Zm
B,(0,2) = — 26
( ) 2N, L (\/T2+z§ \/r2—|—zgn) (26)
e  thick approximation

B.(0,2) = foL ( ot (roe \frbu +.28) = 2wl (1wt VB 72| ) (27)

20rL \ - [zp In (rm +./r2 + z}%) — 2y In (rm +/r% + z?nﬂ

where | isthe number of amp.turns and

zp =2+ 0.5L (28)
Zm =2 —0.5L (29
Theradial and longitudinal fields are then given by the serie expansion
= (=" 9B, (0,2) (r\2nL
By (r,z) = z:: aln—1)1 92201 (2) (30)
N (S 0PBL (0,2) (e
B2 = 2 T g (3) D

The derivatives %0’—21 were derived analytically using Mathematicafor 1<i<10.
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Qa

2Rpipe

«Q
3
Rgrid

pipe

v

A
v
N

L grig=(2n+1) 3z,

15.Geometry of the problem. The system is axisymmetric in RZ coordinates. The box
of computationisaRy,iq X L 44 rectangle with Rg,.;4=2Rpipe and L gri¢=(2n+1)024qp-
The boundary conditions are: ¢ = 0 along the thick dashed linefi¢p = 1 along the thick
plain linefig islinearly interpolated along the thick dotted line.

Gap electric

The calculation of the gap fields utilizes a multigrid solver (for more details, see [1], [2] and [3]). An
example of the application of the gap field solver in AMBER is given in Appendix B.

Geometry

The systemis axisymmetric’ RZ’ and has a shape as described by figure 15. Defining R,,;,, to betheradius
of the pipe and 6z, to be the length of the gap, we define a box of computation of radius Ry,;a=2Rgap
and of length L, = (2n 4 1) 6244, (Where n is an integer being chosen so that L4 iS as close as
possible of the desired spatia extension of the gap field computation in the longitudinal direction).

In order to maximize both efficiency and accuracy, the computation was divided in two steps. A first
step computes the solution for the part of the grid extending from r=0 to r=R,;,. only. The simulation
region is then a rectangular box with straightforward boundary condition where we can begin the (full)
multigrid calculation on a very coarse grid. As the solution grid becomes finer and finer, we reach the
second step of the calculation when the grid happens to be fine enough to resolve §z44,. The grid is then
redefined to fit to the geometry of the problem so that the gap boundaries map onto lines of the grid and
corners onto nodes. This explain our choice of 2R 4, X (21 + 1) 6244, as the dimensions of the grid.
While the first step enhances the efficiency of the multigrid algorithm by alowing the computation on
very coarse grid, the second step enhances the accuracy by placing the boundaries of the gap on the grid,
avoiding interpolations between grid points for the boundary conditions.

Boundary conditions

The difference of potential between the two gap conductors is normalized to one and the corresponding
potential vaues are assigned as boundary values on the boundaries of the conductor. Between the two con-
ductors, on the large radius side of the grid, the boundary value is assumed to follow alinear progression
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between the two conductors. This boundary condition is trandated from r=2R,;,,. to r=R,;,. when per-
forming the first step of the calculation, as described in the preceding section. At each end of the grid, the
radial electric field E,. is assumed to vanish. This gives a constant potential (which is the one of the cor-
responding conductor at each end) as the boundary condition at these locations. This assumption of E,.
vanishing at both ends corresponds to an infinite system (in the longitudinal direction) of gaps regularly
spaced by (2n + 1) 6z44p. When L 4,.;4 becomes sufficiently large, both E,. and E, vanish at the boundaries
which corresponds to an isolated gap.

Large step remapping

The solenoidal and gap fields are known on a discrete 2D-RZ cartesian grid and the external field is
deposited onto each particle by linear interpolation. If the particle mover Az step is smaller than the
external field grid, then the particle experiences the totality of the external field as the beam progresses
through the lattice. If it is larger, then there will be a sampling in z (possibly but less likely in r) of the
external field. Concerning the gap electric fields for example, the particles would then get |ess accel eration
than required. In order to circumvant this problem, the external fields are remapped on grids having Az
larger than the Az of the particle mover, if necessary, during the initialization process of the run.
NOTE: to activate this option, set |_remap_solgap=.true. in the SIM_PARAM namelist.

THE PARTICLE MOVER

The mover is arelativistic Leap-Frog Boris mover as described in [4], p.356. The particles are advanced
from one location z to a new one z+Az, as following (i:time index):

(0] + (0] + (0} + (0] + (0]
o2 T i1 T ol T it T oit2
z z+ Az . z+2Az . 2+ 3Az
Ati—2 | Ati—! | At | Atit! | Atit?

All the particles are advanced from the same z location to the same new one. However, they have
different velocities. Hence, each particleis advanced in time according to its own time step At? = Az /vt
(updated at each iteration). In other words, the n" particlesis advanced according to

Xi(n) = X1 (n) + A=Y 2(n)vg ()

yin) =y () + A2, ()

7=7Z"1+Az

Fi+1/2(n) = ¢i-1/2(n) + Ati=1/2(n) Fi(n)/m(n) (using Boris scheme)

AtH/2(n)=Az/5+1/2(n)

where ﬁi(n) isthe force acting on the particle.

Theresulting algorithm is fully explicit, at the expense of being dightly off-centered.
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A Comparison of the AMBER self-
field solver with the analytic solu-
tion for a KV beam

We have

e dectricfields

_ 1 [Trp(r)
E. (r)= - /0 o dr (32
6= [ B 33
_09(r)
e magneticfields
1 T
By (r) = - / rod, (1) dr (35)
0
T Twall Twall J d d
B.(r) = / o (r)dr — Jo " T U™ Hodo (1) dr) dr (36)
Twall r’wall/2
Ay (r) = —%/ rB, (r)dr (37)
0
0A
B, (1) = 2200 (@)
and
we = 0 (39)
27me
(r) = —5 (40)
PR = mriv,
I I
Jo (r) = 71'1"3?)2 vg = 71'1"3?)2 wer (41
I
J.(r)= 2 (42)
so that
_ 1 [Trp(r)
E.(r)= . /0 - dr (43)
Ir
 2megriv, TET (44)
I
- 2TEQTU, T2 (45)

and
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Holr
r<Tp
2mr?
I

This gives

() = / B () dr
_ / "B () dr + / "B, (r)dr =

I r rE —r?
In 2 4 -2 5 r<rp
2megv, T 2ry

1 Tw
= In— r>mr
2megU, T
and
9¢ (r)
E,(r)=—
(r) 52
__09(r)ory 98¢ (r) v
or, 0z ory v,
Tv,y r?
= (1= <
2megryv? < r?) r=T
=0 r>mn
We a'so have
T o ([ woJde (r) dr) dr
Bz (’I‘) _ / /'IJOJG (’I‘) dr — fO (fr /;0 ( ) )
Twall T'LU/2
r Joer (f:b poda (1) dr) dr
_ / oo (r) dr + 7
_polwe (T2 T
- 27, (rg b+ 2r2 r=re
 polwer? .
T dmu,r?, =00
giving

and

(46)

(47)

(48)

(49)
(50)

(51)

(52)
(53)

(54)
(55)

(56)

(57)
(58)

(59)

(60)
(61)

(62)
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6A9 (T‘)
B =
0Ag (r) Ory,  0Ag (1) vpp
= _— —_— 64
or, 0z ory, v, (64)
_ Holwevny (12
C 4me? (rg r2 ) =T (65)
_ Molwevpery (1 T N
T 4m2 <r rfv) reT (66)
Summary
electric fields
Ir
E, = < 6
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Energy = 3MeV
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ry = 6cm
o = 17.78cm
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The comparisons for E,., E,, B,., By and B, are respectively displayed on Fig.16, 17, 18, 19 and 20.
Some of the corresponding normalized forces acting on one particle are then displayed on Fig.21.
NOTE: despiteitslow value, the self B,. has anon-negligible effect on the particles.
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16.Radial electric self-field for aKV beam.
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17.Longitudina electric self-field for aKV beam.
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21.Some of the forces acting on the particles of a KV beam (in units normalized to
the speed of light ¢ and the external magnetic fields By).
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22.Potential field in the gap region. For clarity, the axis displaying the potential value
has been reversed.

Example of a typical gap field
calculation

We have applied the multigrid algorithm to a typical gap for DARHT, where 6z4,, = 2.54cm and
Rypipe=17.78cm. We have chosen to have 26 + 1 = 65 grid lines to describe R;e, 2% + 1 = 9 grid lines
to describe 6244 and n = 7 so that thefinest grid has (2 x 64 + 1) x [(2 x 7+ 1) x 8 + 1] = 129 x 121
grid points and has an extension of 35.56¢cm x 38.10cm. The choice of n = 7 is not intended to fit a
particular design of DARHTTiit may vary for an actual simulation with aDARHT lattice.

The potential and electric fields computed by the algorithm are plotted in Figures 22, 23, 24 and 25. We
observe that the field extends far away from the gap location in the longitudinal direction, justifying our
choice of an extended grid in thisdirection. We also observein Figures 23 and 25 that the radial component
of the field has a non-negligible value (relative to the longitudinal field magnitude) for positions which are
off-axis near the gap position.
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23.Radial electric field.

24.1 ongitudinal eectric field.
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25.Electric field. The directions and magnitude of the arrows are the ones of the
fields. For clarity, athird axis as been created so that the origin of the arrow on this axis

is proportional to the magnitude of the field (normalized x100).






Input files sample

general purposeinit file

2.0 MV beam fiparameters from LSP July 99
tuned lattice for comparison with LSP
$

&BEAM

current = 2000.

energy_mev = 3.2

abeam = 0.081

rprime = 0.00445

emit_norm = 151e-6

npart = 4096

xoffset=0.00

yoffset=0.00

xpoffset = 0.e-3

ypoffset = 0.e-3

distribution ='SG’

|_adjust_init_rot = .f.
|_init_pot_depress = f.

| _ReadEgunOutput = .f.

| _ReadL SPOutput = .t.
egun_filename ="../inp/egun061699.dat’
LSP filename="../inp/Ispl.dat’
par_dump_file="NOT SET’
old_par_dump_file="NOT SET’

&END
&BEAM_TEST_NAMELIST
npart_test=9

xtest = 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
ytest = 0.000 0.00 0.0 0.0 0.0 0.00 0.00 0.00 0.000
vxtest = 0.

vytest = 0.

&END

&SIM_PARAM

Igraphic = .t.

|_opendx = .t.

nr = 500

| _paraxial = .f.

|_self btheta=t

| sef bz=1t

| self br=1t

|_self er=1t

| self ez=t

|_self envelope = f.

|_image fields= .f.

| gap er=1t.

gap_calc_method =" multigrid’

41
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zstart = 1.45

zmax = 50.

zstep = 0.005

dzphaseplot = 5.

npart_phaseplot = 4096

dzhist = 0.05

phaseplot_type = 'thermal radial’
phaseplot_save particles=.t.
|_save hist=.t.

hist_dir ="../rungrun2’

save hist vars="all’

nzfidsave =0

Zfidsave = 1.450004
nzfidsnapshot = 6

Zfidsnapshot = 1.45 6.45 11.45 16.45 21.45 36.45
&END

e latticefile
&lat_list
env_madfile ="../lat/jun99h2.mag’
|_cm = .true.
soldef_length = 40.64 10.16 40.64 19.91 10.00
soldef r_inner = 13.97 13.97 19.05 18.69 44.76
soldef r_outer = 16.51 16.51 21.59 19.91 47.30
soldef n layers=11111
soldef_name(1:5) = 'STANDARD’,INTERCELL',INJECTOR CELL'ANODE COIL'VALVE
colv
gapdef_length = 2.54 2.54
gapdef rmax =17.78 12.7
gapdef _name(1:2) ='INJ GAFP',’STD_GAFP
gap_type=8*1, 80*2
gap_z =88*51.435
gap_z(1) = 210.28
gap_z(9)=450.615 gap_z(17)=94.615
gap_7(25)=94.615 gap_7(33)=94.615
gap z(41)=94.615 gap_z(49)=94.615
gap z(57)=94.615 gap_z(65)=94.615
gap_z(73)=94.615 gap_z(81)=94.615
gap_mev = 8*0.175, 80*0.19318
nwall =2
rwall =17.78 12.7
zwall = 0. 600.0
/END

e  magnetsfile

jun99h2.mag 1999 07 07 13:26:51
& magnets

ns=104

solnam(1:3) = "BUCK” "AND1" "AND2"
bsi(1:3) = -6486. 4494. 4494,
iz5(1:3) =000

z9(1:3) = -26.955 62.005 91.835
ltype(1:3) =444

solnam(4) = "VAL1"

bsi(4) = 12700.

izs(4) =0



z8(4) = 130.780

Itype(4) =5

solnam(5:8) = "J101” " J102" " J103" " J104”
bsi(5:8) = 3750. 4440. 5130. 5820.
izs(5:8)=0111

z(5:8) = 184.995 51.435 51.435 51.435
Itype(5:8) =3333

solnam(9:12) =" J105” " J106” " J107" " J108"
bsi(9:12) = 6510. 10800. 12000. 15000.
iz8(9:12)=1111

75(9:12) = 51.435 51.435 51.435 51.435
ltype(9:12) =333 3

solnam(13:16) = "HCU1" "HCU2" " J201" " J202"
bsi(13:16) = 38000. 32000. 24700. 12278.
iz5(13:16) =0001

z5(13:16) = 655.035 865.035 995.035 51.435
ltype(13:16)=1111

solnam(17:20) = " J203" " J204” " J205" " J206"
bsi(17:20) = 28571. 29857. 31143. 32429.
izs(17:200=1111

z5(17:20) =51.435 51.435 51.435 51.435
ltype(17:200=1111

solnam(21:22) =" J207" " J208”

bsi(21:22) = 33714. 35000.

iz5(21:22) =11

z8(21:22) =51.43551.435

ltype(21:22) =11

solnam(23) =" 123"

bsi(23) = 27600.

izs(23) =1

z5(23) = 47.308

ltype(23) =2

solnam(24:27) = " J301” " J302" " J303" " J304"
bsi(24:27) = 36000. 36429. 36857. 37286.
izs(24:27)=1111

z8(24:27) = 47.308 51.435 51.435 51.435
ltype(24:27)=1111

solnam(28:31) = "J305” " J306” " J307" " J308"
bsi(28:31) = 37714. 38143. 38571. 39000.
iz5(28:31)=1111

z5(28:31) =51.435 51.435 51.435 51.435
ltype(28:31)=1111

solnam(32) ="134"

bsi(32) = 30492.

izs(32) =1

z8(32) = 47.308

Itype(32) =2

solnam(33:36) = "J401” " J402" " J403" " JA04”
bsi(33:36) = 39500. 39857. 40214. 40571.
izs(33:36)=1111

z(33:36) = 47.308 51.435 51.435 51.435
ltype(33:36) =1111

solnam(37:40) = " J405” " JA06” " JA07" " J408”
bsi(37:40) = 40929. 41286. 41643. 42000.
izs(37:40)=1111

43
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75(37:40) =51.435 51.435 51.435 51.435
ltype(37:40)=1111

solnam(41) =" 145"

bsi(41) = 33360.

izs(41) =1

79(41) = 47.308

ltype(4l) = 2

solnam(42:45) =" J501" " J502" " J503” " J504”
bsi(42:45) = 42500. 42857. 43214. 43571.
iz8(42:45)=1111

75(42:45) = 47.308 51.435 51.435 51.435
ltype(42:45)=1111

solnam(46:49) = " J505” " J506” " J507” " J508”
bsi(46:49) = 43929. 44286. 44643. 45000.
izs(46:49)=1111

79(46:49) = 51.435 51.435 51.435 51.435
ltype(46:49)=1111

solnam(50) ="156"

bsi(50) = 35700.

izs(50) = 1

z5(50) = 47.308

Itype(50) = 2

solnam(51:54) = " J601” " J602" " J603" " 604"
bsi(51:54) = 45500. 45857. 46214. 46571.
izs(51:54)=1111

z5(51:54) = 47.308 51.435 51.435 51.435
ltype(51:54)=1111

solnam(55:58) = " J605” " J606” " J607" " J608”
bsi(55:58) = 46929. 47286. 47643. 48000.
izs(55:58)=1111

z9(55:58) = 51.435 51.435 51.435 51.435
ltype(55:58)=1111

solnam(59) ="167"

bsi(59) = 37620.

izs(59) =1

z5(59) = 47.308

Itype(59) = 2

solnam(60:63) = "J701” " J702" " J703" " J704"
bsi(60:63) = 48480. 48714. 48929. 49143.
iz5(60:63) =1111

79(60:63) = 47.308 51.435 51.435 51.435
[type(60:63) =1111

solnam(64:67) =" J705” " J706" " J707”" " J708"
bsi(64:67) = 49357. 49571. 49786. 50000.
iz8(64:67)=1111

75(64:67) =51.435 51.435 51.435 51.435
ltype(64:67)=1111

solnam(68) ="178"

bsi(68) = 39804.

iz5(68) = 1

z9(68) = 47.308

[type(68) = 2

solnam(69:72) = "J801” " J802" " J803" " J804”
bsi(69:72) = 50500. 50714. 50929. 51143.
iz8(69:72)=1111



z(69:72) = 47.308 51.435 51.435 51.435
ltype(69:72) =1111

solnam(73:76) = " J805” " J806” " J807" " J808"
bsi(73:76) = 51357. 51571. 51786. 52000.
iz5(73:76)=1111

z(73:76) = 51.435 51.435 51.435 51.435
ltype(73:76)=1111

solnam(77) ="189"

bsi(77) = 41409.

iz(77) =1

z8(77) = 47.308

Itype(77) =2

solnam(78:81) = "J901” " J902” " J903" ” J904”
bsi(78:81) = 52500. 52714. 52929. 53143.
iz5(78:81)=1111

z(78:81) = 47.308 51.435 51.435 51.435
ltype(78:81)=1111

solnam(82:85) = "J905” " J906” " J907” " J908”
bsi(82:85) = 53357. 53571. 53786. 54000.
iz5(82:85)=1111

75(82:85) =51.435 51.435 51.435 51.435
ltype(82:85)=1111

solnam(86) = "1910"

bsi(86) = 42900.

izs(86) = 1

75(86) = 47.308

Itype(86) = 2

solnam(87:90) = "J1001" *J1002” " J1003" " J1004”
bsi(87:90) = 54250. 54429. 54607. 54786.
izs(87:90)=1111

z5(87:90) = 47.308 51.435 51.435 51.435
ltype(87:90)=1111

solnam(91:94) = " J1005" " J1006” " J1007" " J1008”
bsi(91:94) = 54964. 55143. 55321. 55500.
izs(9194)=1111

75(91:94) =51.435 51.435 51.435 51.435
ltype(91:94)=1111

solnam(95) ="11011"

bsi(95) = 44240.

izs(95) = 1

z5(95) = 47.308

[type(95) = 2

solnam(96:99) = "J1101” *J1102” " J1103" " J1104"
bsi(96:99) = 55750. 55929. 56107. 56286.
iz5(96:99)=1111

75(96:99) = 47.308 51.435 51.435 51.435
ltype(96:99)=1111

solnam(100:103) =" J1105" " J1106” " J1107” " J1108”
bsi(100:103) = 56464. 56643. 56821. 57000.
iz5(100:103) =1111

z5(100:103) = 51.435 51.435 51.435 51.435
ltype(100:103)=1111

solnam(104) =" 111FF"

bsi(104) = 49800.

izs(104) =1
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z5(104) = 48.000
[type(104) = 2
/END
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D A typical run

A run was performed with the input files presented in the preceding appendix. On a Pentium pc (400MhZz),
the run was performed in about 6min and 40sec. The results of the run are given on Fig.26.
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26.Results of the example run (external magnetic field on axis, external electrostatic
field on axis, rms radius history, beam centroid history, beam emittances history, beam
energies history).



